 Attapulgite(ATP)/montmorillonite(Mt)/Nitrile Butadiene Rubber (NBR) nanocomposites were prepared from emulsions. The structure of the nanocomposites was characterized by TEM. The effect of ATP/Mt composites on the mechanical properties and swelling behavior was investigated. ATP/Mt composites addition had little effect on the cure times of the nanocomposites. When the ATP/Mt composites content was lower than 15 wt.%, the nanocomposites showed excellent mechanical properties.
INTRODUCTION
The clay minerals montmorillonite (Mt), kaolinite, and attapulgite (ATP) are among the world's most important and useful industrial minerals. Millions of tons of these clay minerals are used annually in a very large variety of applications [1] . Since the layered silicate/polyamide nanocomposites was invented [2] , clay mineral/polymer nanocomposites (CPN) have greatly attracted the interest of researchers in the fields of both industry and science. Compared to microcomposites or macrocomposites, nanocomposite exhibits excellent properties because of the decrease in particle diameter, layer thickness, or fibrous material diameter from micrometer to nanometer, yields a large contribution to the surface area and high aspect ratio (length to diameter) of the nanofillers which are important for filler reinforcement of rubber [3] . Owing to these unique features, CPN with a relatively low loading of the filler possess unique properties such as stiffness, strength, thermal stability, flame retardancy and gas barrier actions due to the nanometer scale dispersion of clay mineral in the polymer matrix [4, 5] . ATP (Si 8 O 20 Mg 5 (OH) 2 (H2O) 4 ·4H 2 O), is a hydrated magnesium silicate with fibrous morphology, whose structure was first reported by Bradley [6] . ATP clay minerals are generally coexist with montmorillonite [7] . Due to they have different morphology and properties, the interaction between them and themselves is not the same. In aqueous solution, montmorillonite can swell whereafter form a homogeneous system and attapulgite is hardly to dispersion evenly, but when montmorillonite and attapulgite coexist in solution, they can form colloidal and interact with each other. So it can be improved the specific surface area when adding a small amount of attapulgite to montmorillonite aqueous solution.
Thus, in this study, in order to improve the stability of layered silicate nanoparticles in latex system and dispersion, attapulgite is adding in the solution of montmorillonite, take advantage of the colloidal of montmorillonite, makes the attapulgite and montmorillonite form a homogeneous solution. Subsequently, the montmorillonite (Mt)/attapulgite(ATP)/nitrile butadiene rubber (NBR) nanocomposites were prepared by emulsion intercalation. The structures and properties of the nanocomposites were investigated.
MATERIALS
The attapulgite was obtained from the clay mine in Jiangsu Province of China. The montmorillonite was obtained from the clay mine in Shandong Province of China, which has the cation exchange capacity (CEC) of 119 meq/100 g. The NBR latex (45 wt.%) was obtained from Lanzhou Petrochemical Company (China). Other materials are commercial products (AR grade).
Preparation of ATP/Mt Composites
The attapulgite and montmorillonite were wetted with water, and then purified by sedimentation and washing, finally dried at 90℃ in vacuum, grounded and sieved to 30 μm. The dried ATP (50g) and montmorillonite (50g) were dispersed into 450mL of distilled water at 65℃ under vigorous stirring respectively and mixed 30 minutes later. To improve the compatibility of polymer and ATP/Mt composites, 40g dimethyl ditallow-ammonium was slowly added into the dispersion of ATP/Mt composites and stirring 30 minutes.
Preparation of ATP/Mt /NBR Nanocomposites
The ATP/Mt composites aqueous dispersion (10 wt. %) was added into the NBR latex. The mixture was then vigorously stirred for 15 min at 60℃. The amounts of ATP/Mt composites added were 0, 3, 6, 9, 12 and 15 wt. % of rubber. The mixture was co-coagulated with 10% calcium carbonate solution, washed with water and dried at 60℃. The ATP/Mt/NBR nanocomposites were mixed further on a two-roll mill with other ingredients at ambient temperature for about 15min. The charging order is ZnO (Zinc Oxide), SA (Stearic Acid), M (2-mercaptobenzothiazole) and sulfur one by one. Finally, the compounds were compression-molded at 143℃ under 15MPa for the optimum cure time (T90) to yield vulcanizates. Recipes of ATP/Mt/NBR nanocomposites: NBR 100 phr, ZnO 5 phr, SA 1.5 phr, M1.5 phr, Sulfur 2 phr; phr is the abbreviation of weight parts per 100 weight parts of rubber.
Characterization
TEM observation was performed on ultra-thin films prepared by cryoultramicrotomy using a JEM-1200EX (JOEL, Japan) at an acceleration voltage of 80 kV.
The curing behavior was investigated at 143℃ using rotorless rheometer MDR2000 (D and G Company, China) according to ISO 6502-1999 with frequency of 1.66 HZ.
Tensile and tear tests were measured on a DXLL-50000 (Dirs Company, China) universal testing machine at a crosshead speed of 500 mm/min. Measurements of mechanical properties of all specimens were conducted at 25±2℃ according to relevant ISO standards (ISO 37 and ISO 7619). Five samples were tested and the average of the values was taken.
RESULTS AND DISCUSSION

Morphology of ATP/Mt /NBR Nanocomposites
Low-magnification TEM photographs (Fig. 1a) clearly displayed that attapulgite and montmorillonite were homogeneously dispersed in the NBR matrix, fuzzy junction surface of clay mineral and rubber matrix shows that ATP/Mt has good compatibility with NBR. The high-magnification TEM images (Fig. 1b) revealed that the attapulgite and montmorillonite were parallel superposed, which proved the mode of their combination was face-to-face. Furthermore, part of attapulgite rod and rubber chains are intercalated into montmorillonite interlayer and some particles are exfoliated into single layers, indicated that the intercalated phenomenon is being between the two kinds of clay mineral and NBR matrix [8] . The results indicated that the new type of intercalated nanocomposite materials was prepared. The maximum torque (Fmax) of the nanocomposites increased with the addition of ATP/Mt (Table 1, Fig. 2 ). The maximum torque (Fmax) mainly depended on the extent of cross-linking in the polymer matrix. The increase of Fmax indicated that incorporation of ATP/Mt enhanced the crosslink density of the rubbermatrix. This phenomenon was consistent with the results of other studies [9] . These authors showed that the addition of ATP/Mt had reduced the optimum curing time (T90) and enhanced the cure rate index (VC). VC is proportional to the average slope of the cure curve (100/T 90 -T S ) in the curing step region. The higher the value of VC, the faster is the curing process. It was obvious that the addition of ATP/Mt could decelerate the vulcanization process. ATP/Mt exert two effect curing: (1) It inhibits curing because ATP/Mt can adsorb the curing agents and block the movement of rubber chains. (2) The presence of ammonium groups of the organic cations intercalated into the ATP/Mt facilitates the curing reactions. VC of the nanocomposites with 3(1.5/1.5) wt.% ATP/Mt was higher than that of the other nanocomposites. At 3(1.5/1.5) wt.% addition, the accelerating effect dominated while at higher contents, the decreasing effect dominated. The effect of ATP/Mt content on the mechanical properties of the nanocomposites was shown in Table 2 . The tensile strength, modulus at 300% and tear strength of the nanocomposites increased with the addition of ATP/Mt and they were much higher than that of the pure NBR. The nanocomposite with 15wt.% ATP/Mt showed the highest tensile strength, 7.86 MPa, which was about 213% higher than that of pure NBR. The highest tear strength was 23.86 kN/m, which was 62% higher than that of pure NBR. The results may be due to the strong interactions between ATP/Mt particles and rubber chains associated with larger contact surface result in more effective constraint of the motion of rubber chains. There was a strong interaction between rubber molecule chains and the ATP/Mt composites, which resulted in a remarkable enhancement of mechanical properties. The elongation at break increased slightly with the increment of ATP/Mt content. The well dispersed ATP/Mt particles limited the motion of rubber chains so that the elongation at the break did not change very much [10] .
Cure characteristics of ATP/Mt/NBR nanocomposites
Mechanical properties of ATP/Mt/NBR nanocomposites
Heat resistance of ATP/Mt/NBR nanocomposites
The results of mechanical properties after air ageing at 100 °C for 48 h are given in Table. 3. It can be seen that the tensile strength increased initially and decreased with the ATP/Mt content increased after ageing. The results showed that the elongation at break decreased gradually with the increase of ATP/Mt content, indicating the increasing probability of formation of three-dimensional network structures, which resist the penetration of air into the nanocomposites. This was due to good dispersion of ATP/Mt and the strong interactions between ATP/Mt and polymer matrix. The presence of nano-dispersed impermeable ATP/Mt layers with excellent barrier properties decreased the rate of transportation by lengthening the average diffusion path length in polymer matrix. 
CONCLUSION
ATP/Mt/NBR nanocomposites were prepared by emulsion intercalation. The TEM result indicated that the polymer chains were between the clay mineral particles. The introduction of ATP/Mt greatly improved the mechanical properties of the CPN. The CPN with 15wt.% ATP/Mt showed the highest tensile strength as 7.86MPa, which was about 2.13 times higher than that of pure NBR. The addition of ATP/Mt decelerated the vulcanization process when it higher than 3(1.5/1.5) mass%. The ATP/Mt/NBR nanocomposites had good heat resistance properties. These phenomena would be attributed to the good barrier properties of ATP/Mt and its nano-scale dispersion.
